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CONVERSION FACTORS AND ABBREVIATIONS

Multiply_______________By_____________To obtain

kilometer (km)
centimeter (cm)

gram(g)
liter (L)

meter (m)
milligram (mg)

millimeter (mm)
f\

square meter (m )
moles of carbon

0.6214
0.394
0.03527
0.946
3.281
0.00004
0.03937

10.76
12.011

mile
inch
ounce
quart
foot
ounce
inch
square foot
grams of carbon

The following terms are also used in this report:
micromoles per square meter per second (fimoles/m2/sec)
micromoles per square meter per day (fimoles/m2/day)
microsiemens per centimeter (fisiemens/cm)
microequivalents per liter (fieq/L)
milligrams per liter (mg/L)
parts per million by volume (ppm)
permil content of 13C relative to Pee Dee belemnite standards (6 13C)
permil content of 18O relative to Standard Mean Ocean Water (6 18O)
weight percent (weight %)

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:

°F = 9/5(°C) + 32 

Central Standard Time (CST) may be converted to Greenwich Mean Time (GMT) by using the following equation:

GMT=CST+6 hours

CONTENTS



Measurements of Soil Carbon Dioxide and Methane 
Concentrations and Fluxes, and Soil Properties at 
Four Ages of Jack Pine Forest in the Southern Study 
Area of the Boreal Ecosystem Atmosphere Study, 
Saskatchewan, Canada, 1993-95

By Kimberly P. Wickland and Robert G. Striegl 

Abstract

Fluxes of carbon dioxide (CO2) and methane (CH^) across the soil-air interface were measured in 

four ages of jack pine forest at the Southern Study Area of the Boreal Ecosystem Atmosphere Study dur­ 
ing August 1993 to March 1995. Gross and net flux of CO2 and flux of CH4 between soil and air are pre­ 

sented for 24 chamber sites in mature jack pine forest, 20-year old and 8-year old planted stands, and a 
clear cut area. Distributions of CO2 and CH4 concentrations are presented for the upper 5 meters (m) of 

soil and unsaturated zone at the mature stand, the upper 6 m at the 20-year old stand, and the upper 1 m at 
the 8-year old stand and clear cut area. Particle size and carbon content of the unsaturated deposits, pre­ 
cipitation, soil temperature and moisture, carbon and oxygen isotopes of soil CO2, and soil water chemis­ 

try are also presented.

INTRODUCTION

The Boreal Ecosystem Atmosphere Study (BOREAS) is a large scale international investigation 
focused on improving the understanding of the exchanges of radiative energy, sensible heat, water, carbon 
dioxide (CO2) and trace gases between boreal forests and the lower atmosphere. A primary objective of

BOREAS is to collect the data needed to improve computer simulation models of the important processes 
controlling these exchanges so that scientists can anticipate the effects of climate change on the biome. 
Ground-based measurements for BOREAS are focused in the vicinity of 10 tower flux sites in Canada; 
six at the Southern Study Area in the proximity of Prince Albeit, Saskatchewan, and four at the Northern 
Study Area near Thompson, Manitoba. Data presented in this report were collected at the Old Jack Pine 
and Young Jack Pine tower flux sites and nearby clear cut areas at the Southern Study Area (figure 1). A 
variety of aircraft, tower flux, and ecological data collected at these sites will ultimately be available 
through the BOREAS information system, as will the data tabulated here. More extensive site informa­ 
tion on BOREAS is available through the BOREAS information system on the World Wide Web (http:// 
boris.gsfc.nasa.gov/BOREAS).

Purpose and Scope

This report presents data relevant to understanding the transfer and storage of carbon among soil, the 
unsaturated zone, ground cover vegetation, and understory air in jack pine forest at the Southern Study



Area. The data were collected continuously from May through September, 1994 and during separate field 
trips in August 1993 and March 1995.

Site Descriptions

The Southern Study Area of the Boreal Ecosystem Atmosphere Study encompasses a 130 kilometer 
(km) by 90 km area in Saskatchewan bounded on the west by Prince Albert National Park and on the east 
by Narrow Hills Provincial Park (fig. 1). Four different jack pine forest settings in the Southern Study 
Area were selected as sampling sites: undisturbed mature forest or "Old Jack Pine", an approximately 20- 
year old stand or "Young Jack Pine", an approximately 8-year old stand or "Recent Cut", and a mature 
stand that was clear cut during the fall and winter of 1993-1994 or "Clear Cut". The sites are located on 
the east side of the Southern Study Area within 4 km west of Road 106 and 10 km south of its intersec­ 
tion with Road 120. They are set in sandy glacial outwash with a water table that varies among sites from 
about 4 to 8 meters below the surface. Gas flux was measured at six locations within each of the four 
sites for a total of 24 sample locations. Each site contained a linear transect having three pairs of perma­ 
nently installed chamber collars spaced 30 m apart. Collars within pairs were spaced 1 m apart, and each 
chamber was designated a letter. Chambers A-F were at the Young Jack Pine site, chambers G-L were at 
the Old Jack Pine site, chambers M-R were at the Recent Cut site, and chambers S-X were at the Clear 
Cut site.

The Old Jack Pine soil gas transect is located about 150 m southeast of the Old Jack Pine tower flux 
site (53.916 N latitude, 104.691 W longitude). The forest was established by fire, reportedly in the 
1890's, and is comprised entirely of jack pine (Pinus banksiana) having an occasional alder in the under- 
story. The soil is almost completely covered with reindeer lichen (Cladina) and includes some bearberry 
(Arctostaphylos uvu-ursi) and deadfall jackpine.

The Young Jack Pine transect is approximately 40 m north of the Young Jack Pine tower flux site 
(53.875 N latitude, 104.647 W longitude). The site was clear cut in the late 1970's and the regrowth forest 
is jack pine with an occasional aspen. Sample trees harvested at the site in 1994 ranged in age from about 
16 to 20 years and in height from about 5 to 6 m. The soil is approximately 50 percent covered with veg­ 
etation, including grasses, wild rose (Rosa spp), blueberry (Vaccinium canadense) and bearberry. The 
remaining soil is covered with pine needles and woody debris, primarily slash left from the clear cutting.

The Recent Cut transect is located about 2 km southeast of the Old Jack Pine tower in an area that 
was formerly a forest stand continuous with the stand currently encompassing the Old Jack Pine tower. 
The area surrounding the Recent Cut transect was clear cut in the mid 1980's and the regrowth stand was 
about 8 years old in 1994, with trees ranging in height from 2 to 3 m. The soil is mostly covered with 
woody debris, primarily slash left from the clear cutting. Ground cover vegetation is mostly grasses, with 
wild rose, blueberry and bearberry.

The Clear Cut transect is located approximately 3 km SE of the Old Jack Pine tower. The surround­ 
ing area was formerly in a forest stand that was continuous with the stand currently encompassing the 
Old Jack Pine tower and was clear cut during the fall and winter of 1993-94. During the summer of 1994, 
the soil at the Clear Cut transect was either stripped bare or was covered with slash and dead and dying 
vegetation.
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METHODS AND DATA

The data in this report are presented in tables that immediately follow descriptions of the field and 
analytical method(s) used to obtain them. Basic site and environmental data precede data summaries on 
gas concentration and flux.

Surficial Deposits

Vertical pits 2 m deep were dug at two sites for detailed soil descriptions and sample collection. Field 
descriptions of the soil pits at each site are provided in table 1. Samples were collected in each soil hori­ 
zon, at approximately every 0.1 m. Additionally, soils were described and sampled in shallow pits and at 
road cuts and borrow pits. Samples were analyzed for particle size (Folk, 1980) and percent carbon. Soil 
colors were determined using the Munsell soil color charts (1992). These soils were formed in forested, 
sandy, glaciofluvial parent material of the Saskatchewan Plains and are classified as Humo-Ferric Pod- 
zols (Clayton and others, 1977).

Old Jack Pine

All soils described at this site were formed in medium grained sand, 0.25 - 0.50 millimeters (mm) 
diameter. The average percent moisture at the soil surface was 8.40 percent (range 5.01 to 12.2 percent) 
for 12 samples collected from June 24 to July 26, 1994. Six soil profiles were described in detail and 
sampled. The descriptions that follow and are presented in table 1 are averages from those profiles.

The O (organic) horizon ranges from 25 to 60 mm thick. It is black to very dark gray to dark reddish 
brown in color, with mean grain diameters ranging from 0.32 to 0.38 mm. Silt and clay content varies 
from 1.34 to 4.40 percent, and the amount of material greater than sand size (2.0 mm) ranges from 0.43 to 
23 percent.

The Ah (humic) horizon ranges from 40 to 50 mm thick. The color varies from very dark gray to 
dark reddish brown, with mean grain diameters ranging from 0.32 to 0.40 mm. Silt and clay content 
ranges from 0.97 to 3.02 percent, and the amount of material greater than sand size varies from 0.10 to 
1.28 percent.

The Ae (eluviated) horizon, where present, ranges from 30 to 190 mm thick, having undulating, 
irregular, but distinct boundaries with the overlying Ah horizon and underlying B horizon. The color is 
pinkish gray to reddish brown, with silt coatings on the sand grains. The mean grain diameters range 
from 0.31 to 0.40 mm, silt and clay content varies from 2.14 to 3.36 percent, and the amount of material 
greater than sand size varies from 0.11 to 1.03 percent.

The Bf (ferric) horizon ranges from 70 to 800 mm thick. The color is yellowish red with iron stain­ 
ing. The mean grain diameter ranges from 0.32 to 0.43 mm, and grains vary in shape from moderately- 
well to sub-rounded. Silt and clay content ranges from 1.6 to 5.45 percent, and the amount of material 
greater than sand size ranges from 0.02 to 45 percent. Pebbles (2.00 to 4.00 mm diameter) are occasion­ 
ally found in the B horizon along distinct laminae.



The C horizon is found at the bottom of the soil pit and varies from at least 110 mm to greater than 
1200 mm thick. Color varies from light red brown to red brown and yellow red to pinkish white. Mean 
grain diameters range from 0.34 to 0.42 mm, with 0.19 to 3.50 percent silt and clay and 0.10 to 2.30 per­ 
cent material greater than sand size. Cobbles (16.0 to 64.0 mm), gravel (4.00 to 16.0 mm), and pebbles 
(2.00 to 4.00 mm) are common in the C horizon and are oriented along distinct laminae.

Young Jack Pine

Soils described at this site were formed in fine to coarse-grained sand (0.125 to 1.00 mm diameter). 
The average percent soil moisture at the soil surface was 10.4 percent (range 3.99 to 23.5 percent) for 16 
samples collected from June 25 to July 25,1994. Seven soil profiles were described and sampled. The 
descriptions that follow and are presented in table 1 are averages from these profiles.

The O horizon ranges from 20 to 50 mm thick, and the color varies from black to gray to dark reddish 
brown. The mean grain diameter ranges from 0.29 to 0.44 mm, with 0.08 to 6.80 percent silt and clay 
and 0.69 to 18.0 percent material greater than sand size.

The Ah horizon ranges from 20 to 40 mm thick, and the color varies from dark red brown to black. 
Mean grain diameter ranges from 0.29 to 0.42 mm. Silt and clay (1.74 to 5.76 percent) and organic mat­ 
ter are present in the Ah horizon, as well as 0.74 to 2.20 percent material greater than sand size.

The Ae horizon, where present, ranges from 10 to 110 mm thick. The color is reddish brown to gray, 
with silt coatings on the sand grains. The mean grain diameter ranges from 0.24 to 0.42 mm, silt and clay 
content varies from 2.78 to 5.82 percent, and the amount of material greater than sand size varies from 
0.46 to 2.83 percent.

The Bf horizon ranges from 60 to 620 mm thick, and the color varies from reddish brown to yellow­ 
ish red with iron staining on the sand grains. The mean grain diameter varies from 0.31 to 0.55 mm, and 
grains vary in shape from are subangular to subrounded or moderately well rounded. Silt and clay con­ 
tent ranges from 0.43 to 7.34 percent and the amount of material greater than sand size varies from 0.47 
to 54.0 percent. Occasional lenses of pebbles are oriented along horizontal laminae.

The C horizon varies from at least 20 mm to greater than 540 mm thick with color varying from light 
reddish brown to pinkish gray. The mean grain diameter ranges from 0.56 to 0.67 mm, and grains are sub- 
angular to subrounded. Silt and clay content varies from 0.31 to 3.21 percent, and the amount of material 
greater than sand size ranges from 0.09 to 56.0 percent. Pebbles are commonly found in distinct laminae.
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Carbon Content of Soils

Soils were collected from various depth intervals in augured holes at the Old Jack Pine and Young Jack 
Pine sites. The soil samples were analyzed for total carbon content and/or inorganic carbon content using 
a UIC Coulometrics, Inc. model 5012 coulometer. Total carbon was determined by combusting an 80 to 
100 mg soil sample (dry weight) at 900° C and measuring the amount of evolved carbon dioxide gas. Inor­ 
ganic carbon was determined by acidifying a 100 to 120 mg soil sample with perchloric acid and measur­ 
ing the amount of evolved carbon dioxide gas. Total and inorganic carbon content are expressed as weight 
percent carbon per unit weight of soil sample. Both total and inorganic carbon content for Old Jack Pine 
soils are listed in table 2. Inorganic carbon content for two soil profiles at Young Jack Pine are listed in 
table 3.



Table 2. Soil carbon content at the Old Jack Pine site, BOREAS Southern Study Area, Saskatchewan, Canada,
collected on August 20 (day 232), 1993.
[m, meters; weight %, weight of carbon in sample/total dry weight of sample x 100]

Depth 
(m)

0 - 0.02

0-0.1

0.1 - 0.3

0.3 - 0.6

0.6 - 0.9

0.9-1.2

1.2-1.5

1.5-1.8

1.8-2.1

2.1 -2.4

2.4 - 2.7

2.7-3.0

3.0 - 3.4

3.4-3.7

3.7-4.0

Total carbon 
(weight %)

1.1932

0.3754

0.0762

0.0410

0.0351

0.0310

0.0242

0.0236

0.0260

0.0280

0.0252

0.4244

0.4812

0.3300

0.2484

Inorganic carbon 
(weight %)

0.0094

0.0040

0.0008

0.0006

0.0001

0.0001

0.0000

0.0001

0.0002

0.0004

0.0012

0.3990

0.2850

0.2980

0.2690



Table 3. Soil carbon content at two Young Jack Pine site profiles, BOREAS Southern Study Area, Saskatchewan,
Canada, collected on August 20 and 21 (days 232 and 233), 1993.
[m, meters; weight %, weight of carbon in sample/total dry weight of sample x 100; --, no data]

Depth 
(m)

0.6 

1.2 

2.4 

3.0 

3.7 

4.3 

4.9 

5.5 

6.1 

6.7 

8.5 

9.1 

10.0

Inorganic carbon
(weight %)

Profile 1

0.0008

0.0002

0.1725

0.6090

0.4189

0.7587

0.5543

0.9423

0.5037

0.4482

0.4692

0.6573

0.9074

Inorganic carbon
(weight %)

Profile 2

0.7097

0.4652

1.1590

0.7436
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Precipitation

Daily precipitation was measured at the Young Jack Pine site in 1994 using a Weathertronics 6010 
tipping bucket rain gauge (one tip=0.25 mm) located in a clearing approximately 10 m in diameter near 
the Young Jack Pine tower. Data are presented in table 4.

11



Table 4. Daily precipitation at the Young Jack Pine site, BOREAS Southern Study Area, Saskatchewan, Canada,
1994.
[mm, millimeters]

Date 
(day of year)

May 16 (136)

May 17 (137)

May 18 (138)

May 19 (139)

May 20 (140)

May 21 (141)

May 22 (142)

May 23 (143)

May 24 (144)

May 25 (145)

May 26 (146)

May 27 (147)

May 28 (148)

May 29 (149)

May 30 (150)

May 31 (151)

Junel (152)

June 2 (153)

June 3 (154)

June 4 (155)

June 5 (156)

June 6 (157)

June 7 (158)

June 8 (159)

June 9 (160)

June 10 (161)

June 11 (162)

June 12 (163)

Precipitation 
(mm)

20.25

5.25

8.00

0.00

0.00

8.50

2.25

0.00

10.50

0.00

0.00

0.00

16.25

0.00

5.25

0.00

0.00

0.00

1.50

0.00

0.50

0.75

0.00

0.00

0.00

0.00

0.00

0.00

Date 
(day of year)

June 13 (164)

June 14 (165)

June 15 (166)

June 16 (167)

June 17 (168)

June 18 (169)

June 19 (170)

June 20 (171)

June 21 (172)

June 22 (173)

June 23 (174)

June 24 (175)

June 25 (176)

June 26 (177)

June 27 (178)

June 28 (179)

June 29 (180)

June 30 (181)

Julyl (182)

July 2 (183)

July 3 (184)

July 4 (185)

July 5 (186)

July 6 (187)

July 7 (188)

July 8 (189)

July 9 (190)

July 10 (191)

Precipitation 
(mm)

0.00

19.75

3.50

2.75

0.00

0.00

2.50

2.50

0.00

0.00

0.00

0.00

4.25

0.00

0.00

5.00

2.75

19.25

0.00

0.00

1.25

3.25

36.00

0.25

0.00

0.25

0.00

2.50

12



Table 4. (continued)

Date 
(day of year)

July 11 (192)

July 12 (193)

July 13 (194)

July 14 (195)

July 15 (196)

July 16 (197)

July 17 (198)

July 18 (199)

July 19 (200)

July 20 (201)

July 21 (202)

July 22 (203)

July 23 (204)

July 24 (205)

July 25 (206)

July 26 (207)

July 27 (208)

July 28 (209)

July 29 (210)

July 30 (211)

July 31 (212)

Aug. 1 (213)

Aug. 2(214)

Aug. 3(215)

Aug. 4(216)

Aug. 5(217)

Aug. 6(218)

Aug. 7(219)

Aug. 8 (220)

Precipitation 
(mm)

1.25

9.75

0.25

0.00

3.50

0.00

0.00

3.00

100.50

10.25

0.00

2.50

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

3.25

0.00

0.00

0.00

0.00

0.25

0.00

0.00

Date 
(day of year)

Aug. 9(221)

Aug. 10(222)

Aug. 1 1 (223)

Aug. 12 (224)

Aug. 13(225)

Aug. 14(226)

Aug. 15(227)

Aug. 16(228)

Aug. 17(229)

Aug. 18(230)

Aug. 19(231)

Aug. 20 (232)

Aug. 21 (233)

Aug. 22 (234)

Aug. 23 (235)

Aug. 24 (236)

Aug. 25 (237)

Aug. 26 (238)

Aug. 27 (239)

Aug. 28 (240)

Aug. 29(241)

Aug. 30 (242)

Aug. 31 (243)

Sep. 1 (244)

Sep. 2 (245)

Sep. 3 (246)

Sep. 4 (247)

Sep. 5 (248)

Precipitation 
(mm)

0.00

0.75

1.00

3.25

0.00

0.00

0.00

0.00

0.00

0.25

3.75

0.00

0.00

1.75

0.00

0.00

0.00

0.00

0.00

0.00

2.50

0.00

0.00

0.00

0.00

0.00

18.25

0.75

13



Soil Surface Temperature and Water Content

Soil surface temperature was measured using a Fluke model 51 K thermometer at 3 depths (0.05, 
0.10, and 0.15 m) at each pair of chambers in conjunction with flux measurements.

Soil water content was determined from soil samples collected at each pair of chambers concurrent 
with flux measurements. Each sample included the top 0.05 m of soil and was sealed in an air-tight con­ 

tainer until analysis. The samples were weighed, oven-dried at 105°C for approximately 24 hours, and 
weighed again. After subtracting the container weight, percent water content was calculated as the differ­ 
ence of the original sample weight and the dried sample weight divided by the original sample weight and 
multiplied by 100 (Klute, 1986).

Tables 5-8 list collection date, time of measurement, air temperature, soil temperatures at depth, and 
soil water content for each site in 1994.

14
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Soil Carbon Dioxide and Methane 

Gas Analyses

Traceable gas calibration standards for all CO2 and CH4 analyses were provided by BOREAS opera­ 
tions. Carbon dioxide concentrations were measured using non-dispersive infrared gas analyzers 
(IRGAs) calibrated to span the expected concentration range. Three different IRGAs were used for mea­ 
suring CO2 concentration at the jack pine soil gas transects. Accumulation of CO2 in soil gas flux cham­ 
bers was measured using a LI-COR model 6200. In situ soil CO2 concentrations exceed the range of the 
LI-COR 6200, so two PP Systems model EGM IRGAs were used, one having a range up to 5000 parts 
per million (ppm) CO2 and the second having a range up to 10,000 ppm CO2.

Methane concentrations were measured using a Chrompack model 438A gas chromatograph (GC) 
having a 2 meter 80-100 mesh Porapak-N column and a flame ionization detector. Carrier gas was nitro­ 
gen and the oven temperature was maintained at 38°C. Methane concentrations were calculated from 
standards curves established from a series of CH4 standards run between every 8 to 10 samples. Concen­ 
trations smaller than 0.49 ppm were calculated by linear extrapolation of integrator response between a 
0.49 ppm CH4 standard and a nitrogen blank.

Gas Concentration Profiles

Concentration of CO2 and CH4 in soil gas were measured at chamber pairs at each of the four 
transects using 2.0 mm inside diameter stainless steel probes. The probes were inserted to soil depths 
ranging from 0.02 m to 0.50 m, and soil gas was collected using nylon syringes. CO2 concentration was 
analyzed on-site using a PP Systems model EGM IRGA, and CH4 concentration was analyzed by gas 
chromatography using methods described above. Soil gas collection was concurrent with chamber mea­ 
surements.

In addition to the chamber pair probe measurements, each site had a series of permanent probes 
installed for soil gas collection. The Old Jack Pine site had permanent probes installed within 10m of the 
first chamber pair (GH) to a maximum depth of 3.4 m. The Young Jack Pine site had permanent probes 
installed within 10 m of the first chamber pair (AB) to a maximum depth of 6.0 m. Additional probes 
were located 5 m south of the Young Jack Pine instrument shelter.

Tables 9-12 list CO2 concentration profiles at the Old Jack Pine and Young Jack Pine sites in 1994- 
95, and the Recent Cut and Clear Cut sites in 1994. "Location" indicates chamber pair where measure­ 
ments were taken; an entry of "PP" indicates measurements taken from the permanent probes.

Tables 13-16 list CH4 concentration profiles at all sites. Old Jack Pine and Young Jack Pine profiles 
were measured in 1994-95, and Recent Cut and Clear Cut profiles were measured in 1994. "PP" indi­ 
cates measurements taken from the permanent probes.
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Fluxes

Carbon dioxide and CH4 fluxes were measured by the static chamber technique, which involves mea­ 
suring the accumulation or loss of gas concentration within chambers placed on the soil surface versus 
time (Healy and others, 1996). The chambers, which are cylindrical with an open bottom and a closed 
top, are constructed from 0.30 m inside diameter PVC (polyvinylchloride) irrigation pipe. To prevent gas 
leakage to or from the chambers during measurement, they were affixed by a gasket to a collar, con­ 
structed from the same pipe material, that was inserted permanently into the soil to a depth of 0.10 m. 
When deployed, the collars and chambers had a combined height of 0.28 to 0.30 m. The chambers have a 
coiled 1.6 mm inside diameter aluminum tube installed through the sidewall near the top to equalize 
inside and outside pressure and are fitted with various gas ports for air circulation and sample collection. 
Gross soil CC>2 flux is the total amount of CO2 that passes across the soil-groundcover/air interface in the 
absence of photosynthesis. Chambers for measurement of gross CO2 flux and CH4 flux have opaque 
PVC tops that create a dark chamber environment. Net soil CO2 flux is gross flux minus CO2 uptake by 
groundcover photosynthesis. Chambers used for measurement of net CO2 flux have clear polycarbonate 
tops that are optically transparent across the window of photosynthetically active radiation, allowing 
plant photosynthesis to occur. Air is recirculated inside the chambers at a rate of 0.25 chamber volume 
per minute to ensure mixing.

Gross and net CO2 flux were measured by continuously monitoring the CO2 concentration in air cir­ 
culating in a chamber placed on the soil surface. CO2 concentrations were recorded at 20-second inter­ 
vals for 8 minutes using a LI-COR 6200IRGA.

Soil CH4 flux was measured by GC analysis of a time series of six syringe samples of air collected 
from the center of volume of the chamber. Deployment times ranged from 24 to 40 minutes, depending 
on the anticipated flux rate.

Rates of gas emission or consumption were determined by the equation:

J = dC/dt h,

where J is the rate of gas flux across the soil surface (moles m"2 1" 1 ); C is the concentration of the gas of 
interest in the chamber at ambient temperature and pressure (moles m"3); t is time; h is chamber height 
(m); dC/dt is the slope of the best fit of the time series of concentration in the chamber as time approaches 
zero (Healy and others, 1996).

Tables 17-20 show gross and net CO2 flux at all four sites during 1994 and spring 1995. A positive 
value represents CO2 emission from the soil to the atmosphere, and a negative value represents consump­ 
tion of atmospheric CO2.

Tables 21 and 22 show gross and net CO2 flux at the Old Jack Pine and Young Jack Pine sites mea­ 
sured regularly over one or more 24-hour periods.

Tables 23-26 show CH4 flux at all sites during 1994 and spring 1995. Positive and negative values 
represent CH4 emission and consumption, respectively.
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Table 17. Soil carbon dioxide flux at the Old Jack Pine site, BOREAS Southern Study Area, Saskatchewan, Canada,
1994-95.
[CST, Central Standard Time; nmoles/m2/sec, micromoles per square meter per second; --, no data]

Date 
(day of year)

1994

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

June 4 (155)

June 4 (155)

June 4 (155)

June 4 (155)

June 4 (155)

June 4 (155)

June 8 (159)

June 8 (159)

June 8 (159)

June 8 (159)

June 8 (159)

June 8 (159)

June 24 (175)

June 24 (175)

June 24 (175)

June 24 (175)

June 24 (175)

July 7 (188)

July 7 (188)

July 7 (188)

July 7 (188)

Chamber

G

H

I

J

K

L

G

H

I

J

K

L

G

H

I

J

K

L

G

H

I

J

K

G

H

I

J

Time 
of day 
(CST)

13:57

14:08

14:30

14:44

14:56

15:07

15:00

14:50

15:14

15:27

15:41

15:54

11:41

11:28

12:23

12:36

13:05

12:51

11:33

--

12:38

12:50

13:03

11:51

12:04

12:45

12:54

Gross flux Time Net flux 
of day 

(nmoles/rrr/sec) (CST) (nmoles/mz/sec)

1.44

1.51

2.36

1.90

1.75

1.29

1.63

1.93

2.40

1.85

2.04

1 .29

1.05 12:10 1.12

1.53 11:57 1.20

2.13

1 .52

1.60

1.10

2.13 12:12 1.42

12:25 1.84

2.92

2.11

1 .79

2.15 12:19 1.83

2.83 12:31 2.07

4.09

2.67
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Table 17. (continued)

Date 
(day of year)

July 7 (188)

July 7 (188)

July 21 (202)

July 21 (202)

July 21 (202)

July 21 (202)

July 21 (202)

July 21 (202)

July 22 (203)

July 22 (203)

July 22 (203)

July 22 (203)

July 22 (203)

July 22 (203)

Aug. 2 (214)

Aug. 2 (214)

Aug. 2(214)

Aug. 2 (214)

Aug. 8 (220)

Aug. 8 (220)

Aug. 8 (220)

Aug. 8 (220)

Aug. 8 (220)

Aug. 8 (220)

Aug. 10(222)

Aug. 10(222)

Aug. 10(2220

Aug. 25 (237)

Aug. 25 (237)

Chamber

K

L

G

H

I

J

K

L

G

H

I

J

K

L

G

H

I

J

G

H

I

J

K

L

G

K

L

G

H

Time 
of day 
(CST)

13:07

13:18

14:57

15:11

15:20

15:30

15:44

15:54

10:13

10:25

10:34

10:44

10:55

11:07

16:13

16:23

16:54

17:04

15:15

15:19

15:55

16:06

16:37

16:47

12:10

13:33

13:42

15:29

15:39

Gross flux 
(p,moles/m2/sec)

3.06

2.58

3.46

4.87

9.15

4.75

5.86

3.79

2.48

3.36

6.42

3.26

4.28

3.69

2.21

3.14

6.12

3.27

1.19

1.50

3.03

2.07

3.06

1.86

1.58

3.48

1.80

1.00

1.29

Time 
of day 
(CST)

 

-

14:37

14:47

--

«

--

-

--

--

--

--

--

--

15:52

16:03

16:34

16:44

15:34

15:44

16:15

16:25

16:57

17:08

12:30

13:51

14:01

15:49

15:59

Net flux
(fimoles/m2/sec)

«

-

3.52

4.68

--

--

--

--

--

--

--

--

--

-

2.44

2.96

6.63

2.32

1.26

1.21

3.18

0.87

2.45

1.35

1.05

1.97

1.33

0.91

0.90
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Table 17. (continued)

Date 
(day of year)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

1995

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Chamber

I

J

K

L

G

H

I

J

K

L

G

H

I

J

K

L

G

H

I

J

K

L

Time 
of day 
(CST)

16:10

16:20

16:51

17:01

09:52

10:03

10:38

10:49

11:23

11:32

11:36

11:27

12:08

12:18

12:59

12:50

--

18:13

-

17:16

--

16:22

Gross flux 
(limoles/m2/sec)

2.25

1.65

2.21

1.46

1.09

1.44

3.42

1.75

2.99

2.11

0.97

1.45

2.25

1.85

2.42

1.61

-

0.15

--

0.11

--

0.14

Time 
of day 
(CST)

16:30

16:40

--

-

10:13

10:24

10:59

11:11

11:43

11:53

11:56

11:45

12:28

12:38

13:20

13:09

18:00

--

17:33

-

16:40

--

Net flux 
ftimoles/m2/sec)

2.66

1.07

--

--

0.89

0.69

3.09

0.78

1.58

0.91

0.97

0.36

2.62

1.22

1.42

0.87

-0.01

--

0.19

--

0.15

--
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Table 18. Soil carbon dioxide flux at the Young Jack Pine site, BOREAS Southern Study Area, Saskatchewan,
Canada, 1994-95.
[CST, Central Standard Time; timoles/m2/sec, micromoles per square meter per second; --, no data]

Date 
(day of year)

1994

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

June 2 (153)

June 2 (153)

June 3 (154)

June 3 (154)

June 3 (154)

June 4 (155)

June 4 (155)

June 4 (155)

June 4 (155)

June 4 (155)

June 4 (155)

June 9 (160)

June 9 (160)

June 9 (160)

June 9 (160)

June 9 (160)

June 9 (160)

June 10 (161)

June 10 (161)

June 10 (161)

June 10 (161)

Chamber

A

B

C

D

E

F

A

B

A

A

B

A

B

C

D

E

F

A

B

C

D

E

F

A

C

D

E

Time 
of day 
(CST)

10:46

11:01

11:18

11:30

11:46

11:59

13:45

--

09:30

09:52

09:41

10:10

10:38

11:25

11:38

11:53

12:06

11:11

11:28

12:17

12:32

12:47

12:59

15:16

16:15

16:22

16:43

Gross flux Time Net flux 
o of day 

Oimoles/rrr/sec) (CST) ((imoles/rrr/sec)

1.92

2.16

1 .38

1 .03

2.60

1 .69

1 .89

14:00 1.71

2.06

2.56

2.10 10:05 1.65

2.49 10:54 0.29

2.62 1 1 :05 2.47

1.91

1 .75

3.42

2.38

2.48 1 1 :41 -0.37

2.21 11:53 1.49

1.64

1.70

3.25

2.11

3.39

1.81

2.04

3.34
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Table 18. (continued)

Date 
(day of year)

June 10 (161)

June 25 (176)

June 25 (176)

June 25 (176)

June 25 (176)

June 25 (176)

June 25 (176)

July 6 (187)

July 6 (187)

July 6 (187)

July 6 (187)

July 6 (187)

July 6 (187)

July 20 (201)

July 20 (201)

July 20 (201)

July 20 (201)

July 20 (201)

July 20 (201)

July 31 (212)

July 31 (212)

July 31 (212)

July 31 (212)

July 31 (212)

Aug. 1 (213)

Aug. 1 (213)

Aug. 1 (213)

Aug. 1 (213)

Aug. 1 (213)

Aug. 2 (214)

Chamber

F

A

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

E

F

A

A

B

B

B

A

A

A

B

B

A

Time 
of day 
(CST)

16:55

13:52

13:40

13:26

12:54

12:40

12:27

11:59

12:10

12:49

13:03

13:20

13:30

15:40

15:25

15:50

16:02

16:14

16:24

15:04

20:08

-

15:16

20:21

06:05

--

15:47

06:17

15:57

14:52

Gross flux 
(|imoles/m2/sec)

2.16

2.69

3.52

3.39

2.43

4.48

3.58

4.20

4.09

3.92

2.76

4.93

4.35

5.91

5.49

4.96

4.37

7.08

4.52

5.09

3.87

--

5.02

3.55

1.86

--

6.86

3.99

6.18

6.15

Time 
of day 
(CST)

-

14:31

14:06

--

--

--

--

12:22

12:32

--

--

--

--

14:50

15:00

--

--

--

--

15:27

20:45

15:39

20:34

03:24

03:13

05:53

15:25

05:42

15:35

14:32

Net flux 
(|imoles/m2/sec)

-

1.44

2.56

--

--

--

-

0.33

2.09

--

--

--

--

2.69

3.66

--

--

--

--

3.41

4.72

4.64

-0.56

3.51

3.45

2.62

4.31

2.69

4.45

2.58
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Table 18. (continued)

Date 
(day of year)

Aug. 2 (214)

Aug. 2 (214)

Aug. 2(214)

Aug. 2 (214)

Aug. 2(214)

Aug. 4(216)

Aug. 4(216)

Aug. 4(216)

Aug. 4(216)

Aug. 4(21)6

Aug. 4(216)

Aug. 8 (220)

Aug. 8 (220)

Aug. 8 (220)

Aug. 8 (2200

Aug. 8 (220)

Aug. 8 (220)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Chamber

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

E

F

Time 
of day 
(CST)

15:03

13:26

13:35

14:09

14:20

13:42

14:05

14:43

14:55

15:32

15:43

10:15

10:25

11:02

11:14

11:49

12:00

08:30

08:41

09:14

09:24

10:07

10:17

11:30

11:46

12:18

12:28

13:24

13:14

Gross flux 
(nmoles/m2/sec)

5.73

5.86

4.64

6.64

3.96

4.93

4.65

4.23

3.00

4.57

2.72

2.19

2.82

2.54

2.00

2.95

1.93

2.93

3.00

3.13

3.13

3.22

2.77

2.97

3.05

2.10

1.98

3.17

1.67

Time 
of day 
(CST)

14:42

13:04

13:14

13:47

13:58

13:28

13:40

14:17

14:30

15:09

15:17

10:36

10:46

11:35

11:20

12:11

12:21

08:51

09:02

09:45

09:56

10:29

10:40

11:57

12:07

12:40

12:50

13:45

13:35

Net flux 
(jimoles/m2/sec)

2.99

4.97

2.78

3.55

3.79

-0.42

2.98

3.77

2.07

2.97

2.56

-0.34

-0.76

2.24

1.00

1.70

1.64

0.74

1.33

2.09

1.68

1.16

1.98

-1.27

-0.10

1.76

1.22

1.18

1.50
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Table 18. (continued)

Date 
(day of year)

Aug. 26 (238)

Aug. 26 (238)

Aug. 26 (238)

Aug. 26 (238)

Aug. 26 (238)

Aug. 26 (238)

Sep. 8(251)

Sep. 8(251)

Sep. 8(251)

Sep. 8(251)

Sep. 8(251)

Sep. 8(251)

Sep. 15(258)

Sep. 15(258)

Sep. 15(258)

Sep. 15(258)

Sep. 15(258)

Sep. 15(258)

1995

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Mar. 19(78)

Chamber

A

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

E

F

Time 
of day 
(CST)

12:43

12:53

13:26

13:36

14:07

14:17

14:23

14:32

15:12

15:36

16:17

16:29

14:50

14:58

15:28

15:37

16:10

16:19

11:10

12:06

12:45

--

13:51

-

Gross flux 
(|xmoles/m2/sec)

1.72

1.86

1.25

0.99

1.82

0.98

3.19

2.12

2.28

1.73

2.75

1.79

1.77

1.56

1.57

1.25

2.03

1.11

0.16

0.30

0.08

--

0.21

--

Time 
of day 
(CST)

13:03

13:15

13:46

13:57

14:29

14:39

14:43

14:55

15:50

16:03

16:41

16:52

15:07

15:17

15:47

15:57

16:30

16:40

--

--

--

13:06

--

14:13

Net flux 
(|imo!es/m2/sec)

-1.24

-0.38

0.92

0.52

0.52

0.92

0.93

1.75

2.07

1.33

2.21

1.74

0.69

1.18

1.56

1.09

1.93

1.26

-

-

-

-0.18

-

0.07
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Table 19. Soil carbon dioxide flux at the Recent Cut site, BOREAS Southern Study Area, Saskatchewan, Canada,
1994-95.
[CST, Central Standard Time; nmoles/m2/sec, micromoles per square meter per second; -, no data]

Date 
(day of year)

1994

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

June 5 (156)

June 5 (156)

June 5 (156)

June 5 (156)

June 5 (156)

June 5 (156)

June 28 (179)

June 28 (179)

June 28 (179)

June 28 (179)

June 28 (189)

July 8 (189)

July 8 (189)

July 8 (189)

July 11 (192)

July 21 (202)

July 21 (202)

July 21 (2020

July 21 (202)

July 31 (212)

July 31 (212)

Chamber

M

N

O

P

Q

R

M

N

O

P

Q

R

M

N

O

P

M

N

O

P

M

M

N

0

P

M

N

Time 
of day (CST)

15:35

15:47

16:26

16:38

16:52

17:05

11:58

11:30

12:22

12:35

13:11

12:55

11:30

11:50

12:35

12:45

14:51

15:03

15:38

15:48

13:36

10:35

10:46

10:57

10:07

11:30

11:40

Gross flux Time Net flux 
(nmoles/m2/sec) of day (CST) (^moles/m2/sec)

2.55

2.36

2.29

2.49

4.42

1.99

3.58

1.26 11:44 1.78

2.61 12:10 2.08

2.27

3.69

2.23

6.85 12:05 3.23

3.16 12:20 2.03

4.32

4.85

5.84 15:13 1.50

3.29 15:26 2.05

4.16

4.01

5.49

4.67 10:10 -0.10

3.08 10:26 1.26

5.21 11:15 0.87

6.49

4.24 11:50 1.09

3.07 12:01 1.69
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Table 19. (continued)

Date 
(day of year)

July 31 (212)

July 31 (212)

July 31 (212)

Aug. 9(221)

Aug. 9(221)

Aug. 9(221)

Aug. 9(221)

Aug. 9(221)

Aug. 9 (221)

Aug. 19(231)

Aug. 19(231)

Aug. 19(231)

Aug. 19(231)

Aug. 19(231)

Aug. 19(231)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 15(258)

Sep. 15(258)

Sep. 15(258)

Sep. 15(258)

Sep. 15(258)

Chamber

0

P

Q

M

N

0

P

Q

R

M

N

0

P

Q

R

M

N

O

P

Q

R

M

N

0

P

M

N

O

P

Q

Time 
of day (CST)

12:11

12:46

12:59

15:06

15:16

15:49

15:59

16:30

16:36

12:07

12:16

12:50

13:03

13:34

13:44

10:18

10:31

11:14

11:24

11:55

12:05

15:48

15:59

16.32

16:41

09:50

10:00

10:46

10:55

11:31

Gross flux 
(fimoles/m2/sec)

4.95

6.09

7.63

2.77

1.44

3.14

2.97

3.59

1.83

4.46

2.65

3.65

3.37

3.71

2.75

2.66

1.34

1.55

1.36

2.10

1.13

4.37

2.67

2.08

2.15

2.08

1.40

1.10

1.18

1.50

Time 
of day (CST)

12:25

12:35

--

15:27

15:38

16:07

16:18

16:51

17:02

12:28

12:39

13:13

13:23

13:54

14:04

10:42

10:52

11:34

11:44

12:15

12:25

16:10

16:20

16:50

17:00

10:34

10:24

11:05

11:14

11:51

Net flux 
(fimoles/m2/sec)

-0.72

1.03

--

1.04

1.09

-0.87

0.35

0.32

0.46

3.70

0.39

0.35

0.60

-1.65

-0.20

1.75

1.17

-0.77

-0.67

-1.63

0.37

3.47

2.27

0.50

1.29

2.08

1.34

-0.42

0.23

-1.82
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Table 19. (continued)

Date 
(day of year) Chamber

Time Gross flux Time Net flux 
ofday(CST) (jimoles/m*/sec) ofday(CST) (jimoles/m2/sec)

Sep. 15(258)

1995

Mar. 20 (79) 

Mar. 20 (79) 

Mar. 20 (79) 

Mar. 20 (79) 

Mar. 20 (79) 

Mar. 20 (79)

11:40 1.71

M 

N 

O 

P 

Q 

R

11:59

15:22

-0.64

0.05

15:03 

14:25

13:12

0.12

0.15

0.05

13:49

13:30

0.10

0.14
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Table 20. Soil carbon dioxide flux at the Clear Cut site, BOREAS Southern Study Area, Saskatchewan, Canada,
1994-95.
[CST, Central Standard Time; jimoles/m2/sec, micromoles per square meter per second; --, no data]

Date 
(day of year)

1995

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 26 (146)

May 27 (147)

May 27 (147)

May 27 (147)

May 27 (147)

May 27 (147)

May 27 (147)

June 5 (156)

June 5 (156)

June 28 (179)

June 28 (179)

June 28 (179)

June 28 (179)

July 7 (188)

July 7 (188)

July 7 (188)

July 7 (188)

July 21 (202)

July 21 (202)

July 21 (202)

July 21 (202)

July 31 (212)

Chamber

S

T

U

V

w

X

S

T

U

V

w

X

w

X

S

T

U

V

S

T

U

V

S

T

U

V

S

Time 
of day (CST)

18:24

18:12

18:01

17:50

17:26

17:38

17:45

17:00

16:15

15:30

14:00

14:45

14:24

14:09

13:05

13:12

13:55

14:07

13:45

13:53

14:48

14:28

11:50

12:00

12:11

12:20

09:55

Gross flux Time Net flux 
(limoles/m2/sec) of day (CST) (jimoles/m2/sec)

0.74

0.74

1.64

1.51

1 .75

1.55

0.73

0.74

1.64

1.45

1.75

1.55

1.28

1.10

1.22 13:24 1.37

1.42 13:40 1.87

2.52

2.20

1.08 14:05 1.22

1.11 14:14 1.48

2.63

1.88

1.17 11:34 1.83

1.46 11:42 1.95

3.00

1.49

0.91 10:16 1.00
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Table 20. (continued)

Date 
(day of year)

July 31 (212)

July 31 (212)

July 31 (212)

July 31 (212)

July 31 (212)

Aug. 9(221)

Aug. 9(221)

Aug. 9(221)

Aug. 9(221)

Aug. 9 (221)

Aug. 9(221)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 10(222)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Aug. 18(230)

Chamber

T

U

V

w

X

s
T

U

V

w

X

s

T

U

V

w

X

s

T

U

V

w

X

s

T

U

V

w

X

Time 
of day (CST)

10:05

10:40

10:50

11:01

11:11

11:50

12:01

12:35

12:45

13:16

13:26

15:20

15:30

16:01

16:10

16:40

16:50

10:00

10:10

10:41

10:51

11:21

11:35

14:45

14:55

15:26

15:36

16:07

16:17

Gross flux 
(Hmoles/m2/sec)

1.02

1.65

1.59

1.59

1.21

0.49

0.53

0.91

0.82

0.89

0.63

0.48

0.51

1.02

0.86

1.22

0.89

0.62

0.69

0.87

0.82

1.04

1.09

0.64

0.67

0.95

0.75

0.86

0.82

Time 
of day (CST)

10:26

--

--

--

--

12:11

12:23

12:55

13:06

13:37

13:48

15:41

15:50

16:20

16:29

16:59

17:07

10:20

--

11:01

11:11

11:45

11:50

15:05

15:15

15:46

15:57

--

--

Net flux 
(|xmoles/m2/sec)

1.16

--

--

--

--

0.62

0.71

1.04

0.87

1.37

1.07

0.62

0.76

1.14

0.97

1.23

0.96

0.65

--

1.14

1.08

1.23

1.14

0.65

0.73

1.12

0.94

--

--
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Table 20. (continued)

Date 
(day of year)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Aug. 25 (237)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 9 (252)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

Sep. 14(257)

1995

Mar. 20 (79)

Mar. 20 (79)

Mar. 20 (79)

Mar. 20 (79)

Mar. 20 (79)

Mar. 20 (79)

Chamber

S

T

U

V

w

X

S

T

U

V

w

X

S

T

U

V

w

X

S

T

U

V

w

X

Time 
of day (CST)

12:45

12:55

14:15

14:25

14:56

15:06

14:15

14:25

15:01

15:11

15:22

15:32

14:31

14:42

15:50

15:20

16:03

16:12

09:43

--

-

09:06

07:47

-

Gross flux 
(jnmoles/m2/sec)

0.33

0.39

0.92

0.62

0.76

0.51

0.47

0.55

0.90

0.72

0.38

0.55

0.45

0.43

0.82

0.64

0.53

0.64

0.06

-

-

0.13

0.20

--

Time 
of day (CST)

13:05

13:15

14:35

14:45

--

--

14:35

14:45

--

--

-

--

15:51

15:00

15:30

15:50

16:22

16:32

--

10:01

08:29

--

--

08:05

Net flux 
(inmoles/m2/sec)

0.63

0.63

0.80

0.68

--

--

0.55

0.61

--

--

--

--

0.53

0.54

0.95

0.72

0.92

0.77

--

-0.09

0.22

-

--

0.16
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Table 21. Soil carbon dioxide flux over a 24-hour period at the Old Jack Pine site, BOREAS Southern Study Area, 
Saskatchewan, Canada, 1994.

[CST, Central Standard Time; ^moles/m2/sec, micromoles per square meter per second; --, no data]

Date 
(day of year)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 20 (232)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Aug. 21 (233)

Time 
of day 
(CST)

08:00

08:30

10:00

10:30

12:00

12:30

14:00

14:30

16:00

16:30

17:30

18:00

20:00

20:30

22:00

22:30

00:00

00:30

02:00

02:30

04:00

04:30

06:00

06:30

08:00

08:30

Gross flux 
(nmoles/m2/sec)

1.65

~

2.43

-

3.16

-

2.28

--

2.54

--

2.36

--

2.62

-

2.45

-

2.21

-

1.48

--

2.05

-

1.88

-

1.58

--

Net flux 
(H,moles/m2/sec)

--

0.84

--

1.63

-

2.81

-

2.06

--

2.29

--

2.22

-

2.28

--

2.25

-

1.91

-

2.00

--

1.65

-

1.44

--

1.24
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Table 22. Soil carbon dioxide flux over 24-hour periods at the Young Jack Pine site, BOREAS Southern Study Area, 
Saskatchewan, Canada, 1994.
[CST, Central Standard Time; ^imoles/m2/sec, micromoles per square meter per second; --, no data]

Date 
(day of year)

June 11 (162)

June 11 (162)

June 11 (162)

June 11 (162)

June 11 (162)

June 11 (162)

June 11 (162)

June 11 (162)

June 11 (162)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

June 12 (163)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Time 
of day 
(CST)

13:30

14:00

16:00

16:30

18:30

19:00

20:30

21:00

23:30

00:00

01:30

02:00

03:30

04:00

05:30

06:00

07:30

08:00

09:30

10:00

11:30

12:00

12:30

11:30

12:00

13:30

14:00

15:00

Gross flux 
(fimoles/m2/sec)

3.01

-

2.72

-

2.32

-

2.40

--

2.23

-

2.03

-

1.97

-

1.84

--

1.78

-

2.16

-

2.02

-

2.82

3.05

~

4.04

--

3.07

Net flux 
(|imoles/m2/sec)

--

2.11

--

1.45

--

1.92

-

2.19

--

2.00

-

2.13

--

1.63

-

1.49

-

1.00

~

0.68

~

1.13

2.05

--

0.09

-

1.27

0.03
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Table 22. (continued)

Date 
(day of year)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 12 (224)

Aug. 12 (224)

Aug. 12(224)

Aug. 12(224)

Aug. 12(224)

Aug. 12 (224)

Aug. 12 (224)

Sep. 17(260)

Sep. 17(260)

Sep. 17(260)

Sep. 17(260)

Sep. 17(260)

Sep. 17(260)

Sep. 17(260)

Sep. 18(261)

Sep. 18(261)

Sep. 18(261)

Sep. 18(261)

Sep. 18(261)

Sep. 18(261)

Sep. 18(261)

Sep. 18(261)

Time 
of day 
(CST)

16:30

17:00

18:30

20:30

21:00

22:30

23:00

00:30

01:00

04:30

05:00

06:30

07:00

09:00

16:00

16:30

17:00

18:00

18:30

20:30

22:00

00:00

04:30

05:30

06:30

08:30

09:00

10:30

11:00

Gross flux 
(|imoles/m2/sec)

3.55

-

2.38

3.10

--

2.98

-

2.77

--

2.83

--

2.25

--

2.80

1.80

1.60

--

1.47

--

1.54

1.39

1.32

1.13

1.13

1.12

1.20

1.30

1.76

1.90

Net flux 
(|imoles/m2/sec)

«

2.86

--

--

2.57

--

2.41

--

2.12

--

2.34

--

1.97

--

--

--

1.25

--

1.28

--

--

..

--

--

--

--

--

--

~
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Table 22. (continued)

Date Gross flux Net flux 
(day of year) (CST) (^moles/m2/sec) (nmoles/m2/sec)

Sep. 18(261) 13:00 1.92

Sep. 18(261) 14:30 2.11

Sep. 18(261) 15:00 -- 1.45
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Table 23. Soil methane flux at the Old Jack Pine site, BOREAS Southern Study Area, Saskatchewan,
Canada, 1994-95.
[CST, Central Standard Time; ^moles/m2/day, micromoles per square meter per day]

Date 
(day of year)

1994

Junel (152)

Junel (152)

Junel (152)

Junel (152)

June 1 (152)

June 4 (155)

June 8 (159)

June 8 (159)

June 8 (159)

June 8 (159)

June 8 (159)

June 8 (159)

June 18 (169)

June 18 (169)

June 18 (169)

June 18 (169)

June 18 (169)

June 18 (169)

July 4 (185)

July 4 (185)

July 4 (185)

July 4 (185)

July 10 (191)

July 10 (191)

July 10 (191)

July 10 (191)

July 26 (207)

Chamber

G

H

I

J

L

G

G

H

I

J

K

L

G

H

I

J

K

L

G

H

I

J

G

H

I

J

G

Time of day 
(CST)

10:00

10:00

11:00

11:00

12:00

15:00

12:45

12:45

14:15

14:15

11:00

11:00

13:35

13:36

12:00

12:01

11:11

11:10

11:00

11:01

11:50

11:51

10:00

10:01

10:42

10:43

12:01

Methane flux 
(Mmoles/m2/day)

-386

-180

-643

-422

-68

-177

-87

-311

-142

-149

-133

-110

-107

-70

-86

-87

-57

-87

-142

-50

-90

-80

-61

-147

-122

-94

-58
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Table 23. (continued)

Date 
(day of year)

July 26 (207)

July 26 (207)

July 26 (207)

July 26 (207)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 22 (234)

Aug. 22 (234)

Aug. 22 (234)

Aug. 22 (234)

Aug. 22 (234)

Aug. 22 (234)

Sep. 11 (254)

Sep. 1 1 (254)

Sep. 1 1 (254)

Sep. 11 (254)

Sep. 1 1 (254)

Sep. 1 1 (254)

1995

Mar. 21 (80)

Mar. 21 (80)

Mar. 21 (80)

Mar. 21 (80)

Mar. 21 (80)

Chamber

I

J

K

L

G

H

I

J

K

L

G

H

I

J

K

L

G

H

I

J

K

L

G

H

I

K

L

Time of day 
(CST)

13:40

13:40

14:20

14:20

14:25

14:25

14:25

15:04

15:04

15:04

11:25

11:25

12:08

12:08

12:09

12:09

13:35

13:35

14:13

14:13

14:50

14:50

13:05

13:05

13:05

13:05

13:05

Methane flux 
(jimoles/m2/day)

-104

-152

-162

-122

-105

-104

-138

-164

-154

-156

-90

-112

-161

-85

-121

-213

-62

-51

-68

-82

-65

-88

-126

-60

-85

-81

-60
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Table 24. Soil methane flux at the Young Jack Pine site, BOREAS Southern Study Area, Saskatchewan, Canada,
1994-95.
[CST, Central Standard Time; jimoles/m2/day, micromoles per square meter per day]

Date 
(day of year)

1994

May 31 (151)

May 31 (151)

May 31 (151)

May 31 (151)

May 31 (151)

May 31 (151)

June 8 (159)

June 8 (159)

June 8 (159)

June 20 (171)

June 20 (171)

June 20 (171)

June 20 (171)

June 20 (171)

June 20 (171)

July 3 (184)

July 3 (184)

July 3 (184)

July 3 (184)

July 9 (190)

July 9 (190)

July 9 (190)

July 9 (190)

July 25 (206)

July 25 (206)

July 25 (206)

July 25 (206)

Chamber

A

B

C

D

E

F

B

C

D

A

B

C

D

E

F

A

B

C

D

A

B

C

D

A

B

C

D

Time of day 
(CST)

11:10

11:10

14:18

14:18

14:55

14:55

16:23

17:40

17:41

12:30

12:31

11:18

11:19

10:30

10:31

10:40

10:41

11:30

11:31

13:26

13:27

14:16

14:17

10:45

10:45

11:33

11:33

Methane flux 
(limoles/m2/day)

-125

-47

-53

-150

-110

-79

-121

-80

-110

-56

-58

-54

-56

-45

-76

-59

-53

-42

-28

-89

-57

-81

-43

-110

-116

-63

-66
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Table 24. (continued)

Date 
(day of year)

July 25 (206)

July 25 (206)

Aug. 1 1 (223)

Aug. 1 1 (223)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 15(227)

Aug. 23 (235)

Aug. 23 (235)

Aug. 23 (235)

Aug. 23 (235)

Aug. 23 (235)

Aug. 23 (235)

Sep. 12 (255)

Sep. 12(255)

Sep. 12 (255)

Sep. 12 (255)

Sep. 12 (255)

Sep. 12 (255)

1995

Mar. 21 (80)

Mar. 21 (80)

Mar. 21 (80)

Mar. 21 (80)

Chamber

E

F

A

B

A

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

E

F

A

B

C

D

Time of day 
(CST)

12:33

12:33

11:25

11:41

10:00

10:00

10:01

10:58

10:57

10:57

10:48

10:48

11:29

11:29

11:30

11:30

15:55

15:55

14:35

14:35

17:12

17:12

09:15

09:15

09:15

09:15

Methane flux 
Oimoles/m2/day)

-26

-69

-49

-108

-64

-91

-129

-98

-80

-79

-153

-105

-130

-199

-189

-138

-43

-55

-53

-54

-40

-82

-51

0

0

-26
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Table 25. Soil methane flux at the Recent Cut site, BOREAS Southern Study Area, Saskatchewan, Canada, 1994-95. 

[CST, Central Standard Time; nmoles/m2/day, micromoles per square meter per day]

Date 
(day of year)

1994

June 5 (156)

June 5 (156)

June 10 (161)

June 10 (161)

June 10 (161)

June 10 (161)

June 10 (161)

June 10 (161)

June 27 (178)

June 27 (178)

June 27 (178)

June 27 (178)

June 27 (178)

June 27 (178)

July 3 (184)

July 3 (184)

July 9 (190)

July 9 (190)

July 29 (210)

July 29 (210)

July 29 (2 10)

July 29 (210)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Chamber

M

N

M

N

O

P

Q

R

M

N

O

P

Q

R

M

N

M

N

M

N

O

P

M

N

O

P

Q

R

Time of day 
(CST)

11:58

11:30

08:20

08:21

08:28

08:27

09:16

09:15

09:43

09:44

09:42

09:40

10:43

10:44

12:57

12:58

10:27

11:28

15:35

15:35

16:17

16:17

10:00

10:00

10:42

10:42

11:22

11:22

Methane flux 
(^unoles/m2/day)

-87

-63

0

-44

-62

-28

-169

-125

-21

-105

-70

-120

-130

-74

-88

-123

-56

-30

-41

-127

-90

-85

-93

-72

-142

-133

-102

-134
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Table 25. (continued)

Date 
(day of year) Chamber Time of day 

(CST)
Methane flux 

(nmoles/m2/day)

Aug. 22 (234) 

Aug. 22 (234) 

Aug. 22 (234) 

Aug. 22 (234) 

Sep. 10(253) 

Sep. 10(253) 

Sep. 10(253) 

Sep. 10(253)

1995

Mar. 21 (80) 

Mar. 21 (80) 

Mar. 21 (80) 

Mar. 21 (80)

M 

N 

O 

P 

M 

N 

O 

P

N 

O 

Q 

R

10:07 

10:07 

10:08 

10:08 

14:00 

14:00 

14:45 

14:45

15:07 

15:07 

15:07 

15:07

-60

-137

-194

-125

-12

-66

-67

-61

-62

-47

-30 

0
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Table 26. Soil methane flux at the Clear Cut site, BOREAS Southern Study Area, Saskatchewan, Canada, 1994-95. 
[CST, Central Standard Time; fimoles/m2/day, micromoles per square meter per day]

Date 
(day of year)

1994

June 10 (161)

June 10 (161)

June 10 (161)

June 10 (161)

June 10 (161)

June 10 (161)

June 28 (179)

June 28 (179)

June 28 (179)

June 28 (179)

June 28 (179)

July 4 (185)

July 4 (185)

July 10 (191)

July 10 (191)

July 28 (209)

July 28 (209)

July 28 (209)

July 28 (209)

July 28 (209)

July 29 (210)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Aug. 13(225)

Aug. 23 (235)

Chamber

S

T

U

V

w

X

S

T

U

V

w

S

T

S

T

S

S

T

U

V

T

S

T

U

V

w

X

S

Time of day 
(CST)

10:20

10:21

10:44

10:43

11:10

11:11

13:05

13:12

13:55

14:07

14:30

12:55

12:56

11:36

11:37

14:34

15:00

14:35

15:28

15:29

10:18

13:30

13:30

13:30

14:15

14:15

14:15

9:27

Methane flux 
(jimoles/m2/day)

-101

-172

-76

-158

-94

-49

-134

-103

-93

-85

-62

-145

-114

-89

-120

-67

-61

-87

-79

-93

-138

-133

-119

-164

-125

-79

-99

-111
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Table 26. (continued)

Date 
(day of year) Chamber Time of day 

(CST)
Methane flux 

(nmoles/m2/day)

Aug. 23 (235) 

Aug. 23 (235) 

Aug. 23 (235) 

Sep. 11 (254) 

Sep. 11 (254) 

Sep. 11 (254) 

Sep. 11 (254) 

Sep. 11 (254) 

Sep. 11 (254)

1995

Mar. 21 (80) 

Mar. 21 (80) 

Mar. 21 (80) 

Mar. 21 (80)

T 

U 

V

s
T 

U 

V

w

X

s
T 

U 

V

9:27 

9:28 

9:28 

10:00 

10:00 

10:40 

10:40 

11:20 

11:20

17:08 

17:08 

17:08 

17:08

-136

-118

-81

-86

-85

-62

-97

-67

-42

-74

-102

-38

-23
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Stable Isotopes in Gases

Soil gas was collected from three series of depths in the unsaturated zone at Young Jack Pine. Carbon
 to 1 Q

dioxide, extracted from the gas by cryogenic trapping, was analyzed for C and O content using mass 
spectrometry at the U.S. Geological Survey gas isotope laboratory in Denver, Colorado. Values in Table 
27 were obtained from samples collected on one occasion. Stable isotope values are presented in delta

 to -to

notation in units of the parts per thousand relative difference (permil) between the ratios of C to C
1 C 1 f* 1O. 1C

and O to O in the samples and Pee Dee belemnite for C and Standard Mean Ocean Water for O 
(Friedman and O'Neill, 1977; Fritz and Fontes, 1980).
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Table 27. Carbon and oxygen isotopes in soil gas collected from three locations at the Young Jack Pine site, BOREAS 
Southern Study Area, Saskatchewan, Canada, on August 23 (day 235)1994.

[m, meters; 13C content is in permil relative to Pee Dee belemnite standards; 18O content is in permil relative to Standard Mean 
Ocean Water (Friedman and O'Neill, 1977; Fritz & Fontes, 1980)]

Location

1

1

1

1

1

1

2

2

2

2

3

3

3

Depth (m)

1.0

2.0

3.0

4.0

5.0

6.0

1.0

1.5

2.0

2.5

0.1

0.2

0.3

delta
13C

CO2

-10.10

-20.41

-20.47

-20.50

-20.40

-20.44

-20.99

-20.85

-21.29

-20.62

-18.82

-20.12

-19.94

delta
18Q

CO2

27.73

20.68

23.57

22.68

23.09

23.57

22.25

22.12

28.94

23.28

23.77

20.65

23.25

CO2 
(ppm)

4232

4057

3547

3150

2890

2654

5980

5912

5500

4820

1941

2928

3302

70



Soil Water Chemistry

Gravity drainage lysimeters were installed at the Young Jack Pine and Old Jack Pine sites to collect 
liquid water percolating through the unsaturated sands to a maximum depth of 1.00 m. Only one rainfall 
event (day 200,1994) was large enough to initiate sufficient percolation at the Young Jack Pine site for 
water sample collection and analysis. Sufficient water volume was never collected at the Old Jack Pine 
site. Table 28 lists chemistry of soil water collected at Young Jack Pine site. Analyses were according to 
Fishman and Friedman (1985).
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